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PART  1 


INTRODUCTION 

A.  BACKGROUND.  The  U  S.  Army  Defense  Ammunition  Center  (DAC),  Validation 
Engineering  Division  (SIOAC-DEV),  was  tasked  by  U.S.  Army  Armament  Research, 
Development  and  Engineering  Center  (ARDEC)  to  conduct  MIL-STD-1660,  Design  Criteria  for 
Ammunition  Unit  Loads,  First  Article  Testing  (FAT)  on  the  2.75-inch,  Hydra  70,  PA15 1,  rocket 
pallet  produced  by  Delfasco  of  Tennessee,  Greeneville,  TN  and  Lockheed  Martin, 

Burlington,  VT. 

B.  AUTHORITY.  This  test  was  conducted  IAW  mission  responsibilities  delegated  by  the  U.S. 
Army  Armament,  Munitions  and  Chemical  Command  (AMCCOM),  Rock  Island,  IL.  Reference 
is  made  to  the  following: 

1.  Change  4,  4  October  1974,  to  AR740-1,  23  April  1973,  Storage  and  Supply  Activity 
Operation. 

2.  AMCCOM-R,  10-17,  Mission  and  Major  Functions  of  USADACS,  13  January  1986. 

C.  OBJECTIVE.  The  objective  of  the  tests  was  to  determine  if  the  pallets  produced  by  Delfasco 
and  Lockheed  Martin  met  MIL-STD-1660  test  requirements  prior  to  the  acceptance  of  the  pallets 
by  the  U.S.  Aimy  (USA). 

D.  CONCLUSION.  The  original  pallet  design  as  produced  by  Delfasco  failed  to  meet  the  test 
criteria  of  MIL-STD-1660,  Design  Criteria  for  Ammunition  Unit  Loads.  The  deck  of  the  pallet 
adapter  cracked  at  the  comer  posts  and  the  bottom  adapter  aligning  pins  sheared  off  as  a  result  of 
the  repetitive  shock  test.  Modifications  were  made  to  the  original  pallet  design  to  correct  these 
deficiencies.  The  modifications  consisted  of  an  additional  thickness  of  material  welded  to  the 
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bottom  of  the  pallet  deck  above  the  four  comer  posts  and  larger  diameter  aligning  pins  on  the 
bottom  pallet  adapter.  After  these  modifications  were  made,  the  pallets  produced  by  Delfasco 
and  Lockheed  Martin  were  able  to  meet  MIL-STD-1660  test  criteria. 

Prior  to  discovering  the  design  deficiencies,  Delfasco  and  Lockheed  Martin  had  fabricated 
and  welded  several  hundred  pallets  and  adapters  in  an  effort  to  get  ahead  of  the  production 
schedule.  These  pallets  and  adapters  were  of  the  original  design  and  were  not  capable  of 
meeting  MIL-STD-1660  test  criteria.  In  an  effort  to  salvage  this  production,  additional  tests 
were  performed  to  determine  if  there  was  a  cost-effective  modification  that  could  be  made  to  the 
pallets  that  would  allow  them  to  meet  MEL-STD-1660  test  criteria.  Several  attempts  were  made 
before  an  acceptable  modification  was  found.  The  modifications  consisted  of  side  reinforcers 
that  were  welded  to  the  inside  and  outside  of  the  four  comer  posts  of  the  pallet  and  a  larger 
diameter  bottom  adapter  aligning  pin.  The  modification  did  not  eliminate  all  the  cracking  in  the 
deck  that  occurred  during  the  testing,  but  did  prevent  the  pallet  post  from  pushing  through  the 
deck  in  a  potentially  damaging  fashion  as  occurred  during  testing  of  the  original  pallet  design. 
The  pallets  with  this  modification  were  approved  for  U  S.  Army  (USA)-wide  use,  but  only  as  a 
means  for  utilizing  those  pallets  that  were  already  fabricated.  All  future  pallet  production  was  to 
use  the  strengthening  plates  under  the  deck  above  the  four  comer  pallet  posts. 
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PART  3 


TEST  PROCEDURES 

The  test  procedures  outlined  in  this  section  were  extracted  from  MIL-STD-1660,  Design 
Criteria  for  Ammunition  Unit  Loads,  8  April  1977.  This  standard  identifies  nine  steps  that  a 
unitized  load  must  undergo  if  it  is  to  be  considered  acceptable.  The  four  tests  that  were 
conducted  on  the  test  pallets  are  summarized  below. 

A.  STACKING  TEST.  The  unit  load  was  loaded  to  simulate  a  stack  of  identical  unit  loads 
stacked  16  feet  high,  for  a  period  of  one  hour.  This  stacking  load  was  simulated  by  subjecting 
the  unit  load  to  a  compression  weight  equal  to  an  equivalent  16-foot  stacking  height.  The 
compression  load  was  calculated  in  the  following  manner.  The  unit  load  weight  was  divided  by 
the  unit  load  height  in  inches  and  multiplied  by  192.  The  resulting  number  was  the  equivalent 
compressive  force  of  a  16-foot-high  load. 

B.  REPETITIVE  SHOCK  TEST  The  repetitive  shock  test  was  conducted  IAW  Method  5019, 
Federal  Standard  101 .  The  test  procedure  is  as  follows:  The  test  specimen  was  placed  on,  but 
not  fastened  to,  the  platform.  With  the  specimen  in  one  position,  the  platform  was  vibrated  at 

1 /2-inch  amplitude  (1-inch  double  amplitude)  starting  at  a  frequency  of  approximately 
3  cycles  per  second.  The  frequency  was  steadily  increased  until  the  package  left  the  platform. 
The  resonant  frequency  was  achieved  when  a  1/16-inch-thick  feeler  gage  momentarily  slid  freely 
between  every  point  on  the  specimen  in  contact  with  the  platform  at  some  instance  during  the 
cycle  or  a  platform  acceleration  achieved  1  +/-  0.1  Gs.  Midway  into  the  testing  period,  the 
specimen  was  rotated  90  degrees  and  the  test  continued  for  the  duration.  Unless  failure  occurred, 
the  total  time  of  vibration  was  two  hours  if  the  specimen  was  tested  in  one  position  and  three 
hours  for  more  than  one  position. 
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C.  EDGEWISE  ROTATIONAL  DROP  TEST  This  test  was  conducted  using  the  procedures  of 
Method  5008,  Federal  Standard  101.  The  procedure  for  the  edgewise  rotational  drop  test  is  as 
follows:  The  specimen  was  placed  on  its  skids  with  one  end  of  the  pallet  supported  on  a  beam 
4-1/2  inches  high.  The  height  of  the  beam  was  increased  if  necessary  to  ensure  that  there  was  no 
support  for  the  skids  between  the  ends  of  the  pallet  when  dropping  took  place,  but  was  not  high 
enough  to  cause  the  pallet  to  slide  on  the  supports  when  the  dropped  end  was  raised  for  the 
drops.  The  unsupported  end  of  the  pallet  was  then  raised  and  allowed  to  fall  freely  to  the 
concrete,  pavement,  or  similar  underlying  surface  from  a  prescribed  height.  Unless  otherwise 
specified,  the  height  of  drop  for  level  A  protection  conforms  to  the  following  tabulation: 


GROSS  WEIGHT 
(WITHIN  RANGE 
LIMITS) 
(Pounds) 

DIMENSIONS  OF 

ANY  EDGE,  HEIGHT 
OR  WIDTH  (WITHIN 
RANGE  LIMITS) 
(Inches) 

HEIGHT  OF  DROPS 

ON  EDGES 

Level  A  Level  B 
(Inches)  (Inches) 

150  -  250 

60-66 

36 

27 

250  -  400 

66-72 

32 

24 

400  -  600 

72-80 

28 

21 

600  -  1,000 

80-95 

24 

18 

1,000  -  1,500 

95-114 

20 

16 

1,500  -  2,000 

114-144 

17 

14 

2,000  -  3,000 

Above  145  -  No  limit 

15 

12 

Above  -  3,000 

12 

9 

D.  INCLINE-IMPACT  TEST  This  test  was  conducted  by  using  the  procedure  of  Method  5023, 
Incline-Impact  Test  of  Federal  Standard  101.  The  procedure  for  the  incline-impact  test  is  as 
follows:  The  specimen  was  placed  on  the  carriage  with  the  surface  or  edge  to  be  impacted 
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projecting  at  least  2  inches  beyond  the  front  end  of  the  carriage.  The  carriage  was  brought  to  a 
predetermined  position  on  the  incline  and  released.  If  it  was  desired  to  concentrate  the  impact  on 
any  particular  position  on  the  container,  a  4-  by  4-inch  timber  was  attached  to  the  bumper  in  the 
desired  position  before  the  test.  No  part  of  the  timber  was  struck  by  the  carriage.  The  position 
of  the  container  on  the  carriage  and  the  sequence  in  which  surfaces  and  edges  were  subjected  to 
impacts  was  at  the  option  of  the  testing  activity  and  depends  upon  the  objective  of  the  tests.  This 
test  was  to  determine  satisfactory  requirements  for  a  container  or  pack,  and,  unless  otherwise 
specified,  the  specimen  was  subjected  to  one  impact  on  each  surface  that  has  each  dimension  less 
than  9.5  feet.  Unless  otherwise  specified,  the  velocity  at  time  of  impact  was  7  feet  per  second. 
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PART  4 


1.  Manufacturer: 

2.  Platform: 

3.  Compression  Limit: 

4.  Tension  Limit: 


Ormond  Manufacturing 
60-  by  60-inches 
50,000  pounds 
50,000  pounds 


1.  Manufacturer: 

2.  Capacity: 

3.  Displacement: 

4.  Speed: 

5.  Platform: 


Gaynes  Laboratory 
6,000-pound  pallet 
1/2-inch  amplitude 
50  to  400  rpm 
5-  by  8-foot 


1.  Manufacturer: 

2.  Type: 

3.  Grade: 

4.  Length: 


Conbur  Incline 
Impact  Tester 
10  percent  incline 
12-foot 
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PART  5 


TEST  RESULTS 

The  test  pallets  were  inertly-loaded  to  the  specified  design  weight  using  two 
4-  by  4-inch  lengths  of  lumber,  two  2-  by  4-inch  lengths  of  lumber,  and  a  quantity  of  ammunition 
simulant  to  bring  each  individual  container  to  the  required  weight.  Special  care  was  taken  to 
ensure  that  each  container  had  the  proper  amount  of  weight  in  order  to  achieve  a  realistic  pallet 
center  of  gravity  (CG).  The  following  sequence  of  tests  were  conducted  in  an  effort  to: 

1.  Qualify  the  Delfasco  fabricated  and  Lockheed  Martin  welded  pallets  and  adapters  that 
had  been  fabricated  according  to  the  original  design  specifications  then  modified  in  an  effort  to 
meet  MEL-STD-1660  test  criteria. 

2.  Qualify  the  Delfasco  fabricated  and  Lockheed  Martin  welded  pallets  and  adapters 
constructed  with  the  modified  design. 

3.  Qualify  the  Delfasco  fabricated  and  welded  pallets  and  adapters  with  the  modified 
design. 

Unless  otherwise  noted,  all  the  pallets  and  adapters  in  the  following  test  sequences  are 
Delfasco  fabricated  and  Lockheed  Martin  welded. 


A.  Pallet  1 

Pallet  No.  1  from  the  initial  first  article  submissions 

Date: 

20  May  1996 

Weight: 

2,030  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 
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1  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,960  pounds 
for  60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  60  minutes  at  230  rpm.  During  a 
routine  inspection,  the  containers  and  bottom  adapter  were  noted  to  have  shifted  approximately 
2  inches  relative  to  the  pallet  base.  Further  inspection  revealed  that  the  adapter  aligning  pins  on 

the  bottom  adapter  had  sheared  off  during  the  vibration.  No  additional  testing  was  conducted  on 
this  pallet. 


B.  Pallet  2.  Pallet  No.  2  from  the  initial  first  article  submissions.  Bottom  adapter  and  pallet 
modified  to  accept  the  larger  adapter  pin  AC200000453-6. 


Date: 

22  May  1996 

Weight: 

2,030  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1 .  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,960  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  235  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  175  rpm  in  the  lateral  orientation.  Several  small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  next  to  the  pallet  skids  at  the  completion  of 

the  longitudinal  vibration  test.  No  additional  cracking  was  noted  at  the  completion  of  the  lateral 
vibration. 

3  Edgewise  Rotational  Drop  Test.  The  test  pallet  was  edgewise  iotationally  dropped  from 
a  height  of  24-inches  on  the  longitudinal  drops  and  14-inches  on  the  lateral  drops. 
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4.  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  toplift  was  noted. 

5.  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6.  East  Jest  Inspection.  Following  completion  of  MIL-STD-1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  Two  of  the  cracks  that  were  noted  during  the 
vibration  test  were  determined  to  be  severe  enough  to  allow  the  pallet  post  to  penetrate  into  the 
pallet  load.  Because  of  the  severity  of  the  deck  cracking,  the  test  pallet  was  considered  to  have 
failed  MIL-STD-1660  test  criteria. 

C.  Pallet  3.  Pallet  No.  3  from  the  initial  first  article  submissions.  Bottom  adapter  and  pallet 
modified  to  accept  the  larger  adapter  pin  AC200000453-6. 


Date: 

23  May  1996 

Weight: 

2,030  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height. 

43-1/2  inches 

1  •  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,960  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test  The  test  pallet  was  vibrated  90  minutes  at  225  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  175  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Cracks 
were  noted  to  have  formed  around  the  pallet  posts  at  the  bell  end  of  the  pallet. 
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3.  Edgewise  Rotational  Prop  Test.  The  test  pallet  was  edgewise  rotationally  dropped 
24-inches  on  the  bell  end  of  the  pallet  and  14  inches  on  the  first  lateral  drop.  The  remainder  of 
the  drops  were  conducted  at  15  inches  after  the  discovery  of  the  change  in  drop  height 
specifications  was  noted.  As  a  result  of  the  drop  tests,  the  bell  end  of  the  pallet  had  the  posts 
pushed  through  the  pallet  deck  into  the  bottom  adapter  while  the  non-bell  end  of  the  pallet  did 
not  show  the  same  type  of  damage. 

4.  Sling  Compatibility  Test  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  toplift  was  noted. 

5.  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6  Post  Test  Inspection.  Following  completion  of  MIL-STD- 1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  No  additional  damage  was  noted  to  have 
occurred  since  the  inspection  after  the  edgewise  rotational  drop  tests.  Because  of  the  severity  of 
the  deck  cracking,  the  test  pallet  was  considered  to  have  failed  MIL- STD- 1660  test  criteria. 

D.  Pallet  4-  Pallet  No.  1  modified  from  the  initial  first  article  submissions.  Bottom  adapter  and 
pallet  modified  to  accept  the  larger  adapter  pin  AC200000453-6.  Testing  restarted  at  the  point 
where  the  adapter  pins  failed  during  the  longitudinal  vibration  testing  previously  conducted  on 
20  May  1996. 


Date: 

24  may  1996 

Weight: 

2,030  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 
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1-  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  30  minutes  at  220  rpm  in  the 
longitudinal  orientation  to  complete  the  longitudinal  orientation  started  on  20  May  1996.  Minor 
cracks  were  noted  in  the  pallet  posts  next  to  the  skid  at  the  completion  of  the  longitudinal 
orientation.  The  test  pallet  was  then  vibrated  90  minutes  at  165  rpm.  Upon  completion  of  the 
lateral  orientation,  the  test  pallet  was  elevated  so  the  bottom  of  the  pallet  deck  could  be 
inspected.  The  cracks  noted  at  the  completion  of  the  longitudinal  orientation  had  not  increased 
significantly.  Cracks  were  noted  to  have  formed  in  the  pallet  base  around  the  comer  posts  of  the 
pallet. 

2.  Edgewise  Rotational  Drop  Test.  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides  of  the  pallet.  No  additional  cracking  was  noted  to  have  occurred  in 
the  pallet  based  when  inspected  from  the  bottom  side  of  the  pallet. 

3  •  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

4  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  upon  completion  of  the  test. 

5  Post  Test  Inspection.  Following  completion  of  MEL- STD- 1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  Three  of  the  four  comer  posts  of  the  pallet 
were  noted  to  have  pushed  up  through  the  pallet  deck  into  the  bottom  adapter.  Since  this  damage 
represented  a  potential  hazard  to  the  containers  on  the  pallet,  the  pallet  was  considered  to  have 
failed  MIL-STD-1660  testing. 

E.  Pallet  5.  Pallet  No.  1  from  the  second  submission  of  pallets  and  adapters.  The  bottom 
adapter  and  pallet  were  modified  to  accept  the  larger  adapter  pin  AC200000453-6  and  the  side 
reinforcers  on  the  four  comer  posts.  The  initial  side  reinforcers  that  were  used  extended  up  to 
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the  bottom  of  the  pallet  base  on  the  inside  of  the  comer  posts  but  stopped  at  the  strengthing  bend 
on  the  pallet  deck  on  the  outside  of  the  comer  pallet  posts  (see  photographs  on  pages  6-14  and  6- 
15). 


Date: 

12  June  1996 

Weight: 

2,035  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1.  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,985  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  235  rpm  in  the 
longitudinal  orientation.  Upon  completion  of  the  longitudinal  vibration,  the  pallet  deck  was 
noted  to  have  cracked  at  the  strengthening  bend  where  the  outer  side  reinforcers  had  been  welded 
to  the  deck  material.  No  additional  testing  was  conducted  on  this  pallet. 


F.  Pallet  6.  Pallet  No.  2  from  the  second  submission  of  pallets  and  adapters.  The  bottom 
adapter  and  pallet  were  modified  to  accept  the  larger  adapter  pin  AC200000453-6  and  the  side 
reinforcers  on  the  four  comer  posts.  The  portion  of  the  outside  reinforcers  that  was  welded  to  the 


strengthing  bend  on  the  pallet  base  was  ground  off  to  prevent  the  deck  cracking  that  took  place 
on  the  previous  pallet. 


Date: 

Weight: 

Length: 

Width: 

Height: 


12  June  1996 
2,035  pounds 
70-3/4  inches 
29-3/8  inches 
43-1/2  inches 


1  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,985  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 
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2.  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  225  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  135  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  on  the  outer  edges  of  the  pallet  base  on  the  outer  edges  of  two 
comer  posts.  No  change  was  noted  in  the  cracking  after  the  lateral  orientation. 

3.  Edgewise  Rotational  Drop  Test  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 

4.  Sling  Compatibility  Test  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

5.  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6.  Post  Test  Inspection.  Following  completion  of  MIL-STD-1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  The  cracks  that  occurred  during  the 
longitudinal  vibration  were  noted  to  be  more  substantial  when  viewed  from  the  top  side  of  the 
pallet  base.  Because  of  the  severity  of  the  deck  cracking,  the  test  pallet  was  considered  to  have 
failed  MIL-STD-1660  testing. 

G.  Pallet  7.  Pallet  No.  1  from  the  third  submission  of  pallets  and  adapters.  The  bottom  adapter 
and  pallet  were  modified  to  accept  the  larger  adapter  pin  AC200000453-6  and  the  side 
reinforcers  on  the  four  comer  posts.  The  second  set  of  side  reinforcers  that  were  used  extended 
up  to  the  bottom  of  the  pallet  base  on  both  sides  of  the  comer  posts. 
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Date: 

06-24-96 

Weight: 

2,035  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,985  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  225  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  170  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  along  the  skid.  No  cracking  in  the  pallet 
deck  was  evident  when  viewed  from  the  bottom  side  of  the  pallet. 

Edgewise  Rotational  Drop  Tret  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 

4  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

5-  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6  Post  Test  Inspection.  Following  completion  ofMIL-STD-1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  Small  cracks  were  noted  to  have  formed  in 
the  pallet  deck  on  the  inside  portion  of  the  comer  posts.  Since  the  side  reinforcers  prevented  the 
pallet  post  from  pushing  up  through  the  pallet  base  into  the  bottom  adapter,  the  pallet  was 
considered  to  have  passed  MIL-STD-1660  testing. 
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H.  Pallet  8.  Pallet  No.  1  from  the  first  submission  of  pallets  and  adapters  with  the  strengthening 
plates  added  to  the  bottom  side  of  the  pallet  base  above  the  four  comer  posts. 


Date: 

24  June  1996 

Weight: 

2,035  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1 .  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,985  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  2 1 5  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  170  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  along  the  skid  and  two  cracks  were  noted  to 
have  formed  in  two  of  the  comer  posts  next  to  the  strengthening  plates. 

3.  Edgewise  Rotational  Drop  Test  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 

4.  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

5.  Incline-Impact  Test  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6.  Post  Test  Inspection  Following  completion  of  MIL-STD-1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  The  cracks  that  were  noted  after  the 
longitudinal  orientation  of  the  repetitive  shock  test  had  not  propagated.  No  cracking  was  noted 
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in  the  pallet  deck  material. 


I  Pallet  9.  Pallet  No.  2  from  the  third  submission  of  pallets  and  adapters.  The  bottom  adapter 
and  pallet  were  modified  to  accept  the  larger  adapter  pin  AC200000453-6  and  the  side 
reinforcers  on  the  four  comer  posts.  The  second  set  of  side  reinforcers  used  extended  up  to  the 
bottom  of  the  pallet  base  on  both  sides  of  the  comer  posts. 


Date: 

25  June  1996 

Weight. 

2,035  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1 .  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  8,985  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  220  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  165  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  along  the  skid. 

3.  Edgewise  Rotational  Drop  Test  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 

4.  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

5.  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 
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6.  Post  Test  Inspection.  Following  completion  of  MIL- STD- 1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  The  cracks  that  were  noted  after  the 
longitudinal  orientation  of  the  repetitive  shock  test  had  not  propagated.  Minor  cracking  was 
noted  to  have  formed  in  the  pallet  deck  material  at  the  inside  comers  of  the  four  comer  posts. 
Since  the  side  reinforcers  prevented  the  pallet  post  from  pushing  up  through  the  pallet  base  into 
the  bottom  adapter,  the  pallet  was  considered  to  have  passed  MIL-STD-1660  testing. 

J.  Pallet  10.  Pallet  No.  2  from  the  first  submission  of  pallets  and  adapters  with  the  strengthening 
plates  added  to  the  bottom  side  of  the  pallet  base  above  the  four  comer  posts. 

Date:  26  June  1996 

Weight:  2,035  pounds 

Length:  70-3/4  inches 

Width:  29-3/8  inches 

Height:  43-1/2  inches 

1.  Compression  Test  The  test  pallet  was  compressed  with  a  load  force  of  8,985  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  225  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  170  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  along  the  skid. 

3.  Edgewise  Rotational  Drop  Test.  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 

4.  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 
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5  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6  Post  Test  Inspection.  Following  completion  ofMEL-STD-1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  The  cracks  that  were  noted  after  the 
longitudinal  orientation  of  the  repetitive  shock  test  had  not  propagated.  No  cracking  was  noted 
in  the  pallet  deck  material.  Two  cracks  were  also  noted  to  have  formed  in  two  of  the  four  comer 
posts  next  to  the  strengthening  plates. 


K.  Pallet  1 1  Pallet  No.  1  from  the  first  article  submission  of  pallets  and  adapters  that  was 
fabricated  and  welded  by  Delfasco. 


Date: 

18  September  1996 

Weight: 

2,040  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  9,000  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2  Repetitive  Shock  Test.  The  test  pallet  was  vibrated  90  minutes  at  205  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  175  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  along  the  skid. 

3-  Edgewise  Rotational  Drop  Test.  The  test  pallet  was  edgewise  rotationally  dropped 
15-inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 
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4.  Sling  Compatibility  Test  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplifit 
adapter  by  four  points,  three  points,  two  diagonal  points,  two  adjacent  points,  and  one  point.  No 
shifting  of  the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

5.  Incline-Impact  Test  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6.  Post  Test  Inspection  Following  completion  of  MIL- STD- 1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  The  cracks  that  were  noted  after  the 
longitudinal  orientation  of  the  repetitive  shock  test  had  not  propagated.  No  cracking  was  noted 
in  the  pallet  deck  material. 

L.  Pallet  12.  Pallet  No.  2  from  the  first  article  submission  of  pallets  and  adapters  that  was 
fabricated  and  welded  by  Delfasco. 


Date: 

20  September  1996 

Weight: 

2,040  pounds 

Length: 

70-3/4  inches 

Width: 

29-3/8  inches 

Height: 

43-1/2  inches 

1 .  Compression  Test.  The  test  pallet  was  compressed  with  a  load  force  of  9,000  pounds  for 
60  minutes.  No  damage  was  noted  as  a  result  of  this  test. 

2.  Repetitive  Shock  Test  The  test  pallet  was  vibrated  90  minutes  at  225  rpm  in  the 
longitudinal  orientation  and  90  minutes  at  165  rpm  in  the  lateral  orientation.  Upon  completion  of 
the  longitudinal  vibration,  the  pallet  was  elevated  and  inspected  from  the  bottom  side.  Small 
cracks  were  noted  to  have  formed  in  the  pallet  posts  along  the  skid. 

3.  Edgewise  Rotational  Drop  Test  The  test  pallet  was  edgewise  rotationally  dropped 
15  inches  on  all  four  sides.  No  change  in  the  cracks  was  noted  after  the  completion  of  the 
rotational  drops. 
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4-  Sling  Compatibility  Test.  The  test  pallet  was  lifted  off  of  the  ground  using  the  toplift 
adapter  by  4-points,  3-points,  2-diagonal  points,  2  adjacent-points,  and  1 -point.  No  shifting  of 
the  containers  or  permanent  deformation  of  the  top-lift  was  noted. 

5.  Incline-Impact  Test.  The  test  pallet  was  incline-impacted  on  all  four  sides  from  a  height 
of  8-feet.  No  additional  damage  was  noted  at  the  completion  of  the  test. 

6.  East  Test  Inspection.  Following  completion  ofMIL-STD-1660  testing,  the  pallet  was 
disassembled  and  inspected  for  additional  damage.  The  cracks  that  were  noted  after  the 
longitudinal  orientation  of  the  repetitive  shock  test  had  not  propagated.  No  cracking  was  noted 
in  the  pallet  deck  material. 
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PART  6 


UiLMILtTCj&lUiK 


U.S.  ARMY  DEFENSE  AMMUNITION  CENTER 
SAVANNA,  IL 


PHOTO  NO.  A031 7-SCN-96-1 45-2556.  This  photograph  shows  the  pallet 
positioned  on  the  scale  during  the  inert  loading  of  the  containers. 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 
PHOTO  NO.  A0317-SCN-96-1 45-2555.  This  photograph  shows  the  pallet  during  the  compression  test. 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL  | 

PHOTO  NO.  A0317-SCN-96-1 45-4300.  This  photograph  shows  the  pallet  on  the  shaker  table  in  the 
longitudinal  orientation. 


U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 

PHOTO  NO.  A0317-SCN-96-1 45-3534.  This  photograph  shows  the  pallet  on  the  shaker  table  in  the  lateral 
orientation. 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 

PHOTO  NO.  A0317-SCN-96-1 45-351 7.  This  photograph  shows  the  pallet  prior  to  a  lateral  edgewise  rotational 
drop. 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 

PHOTO  NO.  A0317-SCN-96-1 45-3520.  This  photograph  shows  the  pallet  being  lifted  by  three  points  during 
the  sling  compatibility  test. 
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US.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 
PHOTO  NO.  A0317-SCN-96-145-3523.  This  photograph  shows  the  pallet  being  lifted  by  one  point  during  the 
sling  compatibility  test. 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 
PHOTO  NO.  A0317-SCN-96-1 45-3543.  This  photograph  shows  additional  damage  that  occurred  during 
MIL-STD-1 660  testing. 


_  U.s.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL  —  - 

PHOTO  NO.  A0317-SCN-96-4010.  This  photograph  shows  the  outer  side  reinforcer  that  was  added  to  the 
pallet  post  in  an  effort  to  stop  the  cracking  that  was  occurring  in  the  pallet  deck. 


U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 

PHOTO  NO.  A0317-SCN-96-4014.  This  photograph  shows  the  inner  side  reinforcer  that  was  added  to  the 
pallet  post  in  an  effort  to  stop  the  cracking  that  was  occurring  in  the  pallet  deck. 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL 

PHOTO  NO.  A0317-SCN-96-4012.  This  photograph  shows  the  alternate  position  for  the  outer  side  reinforcer. 
The  alternate  position  of  the  outer  side  reinforcer  only  allows  for  welding  to  the  pallet  deck  from  inside  the  pallet 
post. 
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_ I  U.s.  ARMY  DEFENSE  AMMUNITION  CENTER  -  SAVANNA,  IL  - - 

PHOTO  NO.  A0317-SCN-96-4031.  This  photograph  shows  the  extra  piece  of  metal  that  was  welded  to  the 
pallet  deck  to  strengthen  the  area  where  the  comer  posts  attach. 
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